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The future of data integration?

ELIXIR Interoperability Platform

Connecting processes to products/practices

® Best practices (WP4)

Standardised
processes (WP3)
Portfolio of
products (WP2)
35S .. : eliyir

NB:S

FAIRify your data for yourself

This workshop will showcase how to put the FAIR principles into practice
and is specifically designed to cater to life science researchers at all
career stages. The FAIR principles are intended to support effective data
sharing up to the degree that you can assert “it just works with my
software”. But they apply equally well to the social aspects of data

= sharing and can serve as a guide to help you address the question “if |
- leave the lab today, how can my colleagues understand, find and use my
Preserve "
data?”.
Learning outcomes:

» Understanding of why funders promote the FAIR principles and
how FAIR is useful to you in projects and collaborations of any size

« Experience of using a life cycle perspective to identify where and

when to apply the FAIR principles most effectively

Know examples of simple strategies and effective practices to

implementing the FAIR principles
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Publish code, software and workflows

Examples of why and how from SciLifeLab e
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Presented by Wolmar Nyberg Akerstrém 4 S
SciLifeLab Data Management seminar series Spring 2024, Online y 4
27 March 2024 o Y
i\iF 4 — =
Elgﬁr —— T
SWEDEN https:/idol.org/10.17044/scilfelab. 25483537



https://docs.google.com/presentation/d/169Z9NXzRtRcvI6kUKxAtVQwwRnhnseIJRC2qQX5RuFc/edit#slide=id.g61fe9945ac_0_0
https://docs.google.com/presentation/d/169Z9NXzRtRcvI6kUKxAtVQwwRnhnseIJRC2qQX5RuFc/edit#slide=id.g61fe9945ac_0_0
https://doi.org/10.7490/f1000research.1119759.1

Why implement the FAIR principles?

More value to publicly Improve peer-review process
funded research

High research
integrity

Better research output



Why implement the FAIR principles?

More value to publicly Improve peer-review process
funded research
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ure.com/scientificdata

The FAIR principles SCIENTIFIC DATA¥

e Promote efficient discovery and opEN: Comment: The FAIR Guiding

SUBIECT CATEGORIES

reuse by providing guidelines o Principles for scientific data

.: management and stewardship

to make digital resources

© There is an urgent need to improve the infrastructure supporting the reuse of scholarly data. A diverse
© set of stakeholders—representing academia, industry, funding agencies, and schalarly publishers—have
. Revcived: 10 Derember 2015 - came tagether to design and jointly endarse a concise and measureable set of principles that we refer

D F I n d a b I e Accepled: 17 1elmany 2015 ¢ 10 3 the FAIR Data Principles. The intent is that these may act as a guideline for those wishing to
.  enhance the reusability of their data holdings. Distinct from peer initiatives that focus on the human
Fublished: 15 March 2016 P N - N " .
© scholar, the FAIR Principles put specific emphasis on the ability of machines to

* find and use the data, in addition to supporting its reuse by individuals. This Comment is the first

 formal publication of the FAIR Principles, and includes the rationale behind them, and some exemplar

D ACCe S S i b I e implementations in the community.

i Supporting discovery through good data management
* Good dala managementl is nol & goal in ilsell, bul ralher is the key conduil leading Lo knowledge
n e ro e ra e o discovery and innovation, and to subsequent data and knowledge integration and reuse by the
: community after the data publication process. Unfortunately, the existing digital ecosystem
¢ surrounding scholarly data publication preverts us from extracting maximum benefit from our
: research investments (e.q., ref. 1), Partially in response to this, science funders, publishers and
: governmental agencies are beginning te require data managerent and stewardship plans for data
¢ generaled in publicly Tunded experiments. Beyond proper collection, annolation, and archival, dala
o stewardship includes the notion of Ylong-term care’ of valuable digital assets, with the goal that they
* should be discovered and re used for downstream investigations, either alone, or in combination with
© newly generated dala. The oulvomes Irom good dals managemen! and stewardship, therefore, are
: high quality digital publications that facilitate and simplify this ongoing process of discovery, evaluation,

< - ousc i downstcam atudie. Wht constunes good daa maragemant i, howrer agely
¢ clarity arcund the goals and desiderata of good data n and stewar u.mp, and dzﬁmnq
< simple guideposts to inform those who publish andfor preserve scholarly data, would be of great utility.

* This article describes four foundational principles Findability, Accessibility, Interoperability, and

a nd infraStrUCtu re to d Utomatical Iy Wilkinson et al. (2016). The FAIR Guiding Principles for scientific

data management and stewardship. Scientific Data, 3(1), 160018.

find and integrate them doi:10.1038/sdata.2016.18
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Making sense of your group’s data

“ data should be readable for How about another group’s data?
machines without the need for
specialised or ad hoc algorithms,
translators, or mappings”

iy



Making sense of another group’s data

“ data should be readable for “ data should be assessable so that
machines without the need for judgments can be made about their
specialised or ad hoc algorithms, reliability and the competence of
translators, or mappings” those who created them”.

How about FAIR research data?

iy



Making sense of FAIR research data

“ data should be readable for “ data should be assessable so that
machines without the need for judgments can be made about their
specialised or ad hoc algorithms, reliability and the competence of
translators, or mappings” those who created them”.

576+ 788+ 245+ %*
Formats W ﬁermmologl% ( Guidelines _ .
Data storage e Requirements
& exchange EE??K ) L & checklists
* Numbers from the FAIRsharing Registry ' Conceptual models

§ & controlled vocabularies



ScilLifeLab

Publish code, software and workflows

Examples of why and how from SciLifelLab e
R Checklist for sharing software

NBIS Data Management Team
data-management@scilifelab.s
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Towards a web of FAIR data and services

Graph: “PID Graph” from the FREYA project

“From Gutenberg to Berners-Lee”
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What types of research assets?

Works with
my software

Where will people be looking?

Who should have access?

Which standards/specifications?

documentation can you provide?
(Rich metadata!)

Robot: MetaManMachine by Nikola Vasiljevic (2021),
CC BY-SA 4.0, doi:10.5281/zenodo.4471098



Documenting your approach to FAIR practices

The Swedish Research Council: All
who are awarded a grant from the
Swedish Research Council must have a
data management plan if the research
generates research data.

Data Management Plan (DMP):
A document addressing
requirements and practices for
the project’s data

yipdl



Research outputs and metadata in context (I)
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. & specimen . . to prepare inputs .
design . preparation || & data generation ; analysis results
collection for analysis
J\L J
1
Procedures Biosamples and instruments Data and computational workflows Outputs
data protection, populations (statistical) and inclusion criteria, digital processing steps, publications,
ethics permit, physical processing steps, working storage conditions, data,
infrastructure, working storage conditions, long-term storage location, tools,
standards, long-term storage location, data quality assessment, workflows,
protocols, sample quality assessment, sample/data annotations, reports,
data dictionaries, = sample annotations, reference data, dashboards, ...
data access, ... reagents, instruments, Kits, ... analysis method...

“Protocol” & “project plan” icons by Justin Blake, and “infrastructure” icon by Eko Purnomo, from thenounproject.cdqin
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Research outputs and metadata in context (ll)
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Robot: MetaManMachine by Nikola Vasiljevic (2021),
CC BY-SA 4.0, doi:10.5281/zenodo.4471098
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NB:S

Preserve

Process

FAIRify your data for yourself

This workshop will showcase how to put the FAIR principles into practice
and is specifically designed to cater to life science researchers at all
career stages. The FAIR principles are intended to support effective data
sharing up to the degree that you can assert “it just works with my
software”. But they apply equally well to the social aspects of data
sharing and can serve as a guide to help you address the question “if |
leave the lab today, how can my colleagues understand, find and use my
data?”.

Learning outcomes:

* Understanding of why funders promote the FAIR principles and
how FAIR is useful to you in projects and collaborations of any size

* Experience of using a life cycle perspective to identify where and
when to apply the FAIR principles most effectively

* Know examples of simple strategies and effective practices to
implementing the FAIR principles

o‘ ‘




FAIRIfication framework

® Practical and pragmatic FAIRification

First draft and future directions i " ok ot

Tony Burdett, Ibrahim Emam, Yojana Gadiya, Nils
Hoffmann, Nick Juty & Wolmar Nyberg Akerstrém

ECCB 2024, Turky, Finland

WP @ELXREUrope

) comparyetiverope
www.elixir-europe.org

v. 1.0
Interoperability Platform FAIRification Framework 5 Levels of FAIR Data Maturity

Additional metrics &
1ent tools?

Goal setting Pre-assessment: Work planning: Review: ﬂ st Oy
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n Review

Define FAIRifical

Determine goal for Examine the current state of the project Define and deliver practical, achievable objectives for a single 3 month release Review outcomes and assess 1
FAIRification, in terms of with respect to FAIRification goal cycle that work towards the overall FAIRification goal success against original goals n ke s oo b et it o s
desired usability of data that -
» o potentl o e s beyond ietime of e research
et

isn't currently possible

Identify Data Requirements 1- Assessment Disseminate learnings

Honest Evaluator to perform pre- and post- || | Developed recipes are shared publicly in
FAIRification assessments and to produce || | the cookbook. If applicable, update FAIRification Template

the summary report before and after every || FAIRness levels in IMI catalogue.
cycle Integrate lessons learnt with other

initiatives e.g. Pistoia FAIR toolkit,

RDMKit
. 4 Ay Data . Tonsior datafor
2- Design Siandars eropeabilty
ier ‘Selecting 71 Data 8.1Data

How do we optimise the ...
framework for your o
community? oo

Work with project representatives to
develop a solution plan for the current

cycle, which may involve developing new o

pport the cookbook recipes or re-using existing smnymisstion
ones. 8300
3- Implementation ¥ )
Define a prioritized list of target FAIRIfication Execute the solution plan within the agreed I 4
outcomes, concentrating on the desired time-frame. Prepare the resulting FAIRified E ’ 'r [T ST —
results for the project rather than the data for the end-of cycle assessment and How == .®
specifics of the solution. inform the Honest Evaluator when ready. © aPo‘;t a - EI?(r
service’

FiAIRCOOKBOOK -



FAIR in Action Framework FiIRCOOKBOOK

1. FAIRification Process

Define FAIRification Goal Project Examination

Post-FAIRification Review

2. FAIRification Template

Model The
Domain

Select an Identifier
Scheme

Apply a Data
Standard

Choose Data
Vocabulary

Transform Data for
Interoperability

Get the Data

Host Data Share Data

3. FAIRification Workplan

I Identifier Strategies Metadata Strategies Ontology Strategies Data Sharing Strategies I

Task 1: DONE Task 3: IN PROGRESS Task 4: IN PROGRESS Task 6: DONE ‘
Implementation Phase

b e R e P

Task2: TODO Task 5: TO DO

Welter et al (2023). FAIR in action - a flexible framework to guide FAIRification. In Scientific Data (Vol. 10, Issue 1). “
ISpringer Science and Business Media LLC. https://doi.org/10.1038/s41597-023-02167-2
\ 1 7N 4


https://doi.org/10.1038/s41597-023-02167-2

FAIRification Template

2. Model the 2: ettt 4, Apply Data 5.Choose 6. Transform data for

L ekl Domain Isdc;:t::r Standards Data vocabulary interoperability

7. Host Data 8. Share Data

W 01 identify | 3.1 Identifier 3;:91““"9 7. Data 8.1 Data
access data types minting voehaliries hosting licensing
1 Data fosznfl‘J‘;'l?f el 72 Data 8.2 Data
(erieal identifiers vocabularies YELIONNG b
o 73 Data 8.3 Data
transfer release

vocabularies

5.4 Managing
vocabularies

elter et al (2023). FAIR in action - a flexible framework to guide FAIRification. In Scientific Data (Vol. 10, Issue 1).

W i
ISpringer Science and Business Media LLC. https://doi.org/10.1038/s41597-023-02167-2 l
\ 1 7N 4


https://doi.org/10.1038/s41597-023-02167-2

Contains
personal or
sensitive info?

Data submission to public

repositories
Discipline- Making the data underlying your research publicly available to othersis a
specific data fundamental part of a FAIR research process. When publicly available and
repository appropriately described, data can be re-used by yourself as well as

ists?
exists’ others. Domain-specific public repositories offer the most direct routes

to making your data FAIR. This workshop will give you the why, where
and how of data sharing via repository submission, including hands-on
exercise. No prior knowledge is required in order to attend this
workshop.

Learning outcomes:
* Know the benefits of data sharing
* Know how to find a suitable repository for different types of data
* Have experience of a repository submission

o“
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@ Your domain: Human pathogen genomics | RDMkit

Data management About Contribute © GitHub b, Search RDMkit

Your domain

Ibmission to public
Do e v Human pathogen genomics - - ‘epositories

Your role v
«* On this page 1g your research publicly available to othersis a
Your domain A . .
. R research process. When publicly available and
Bioimaging data Introduction
4 , , , , lata can be re-used by yourself as well as
Biomolecular simulation The human pathogen genomics domain focuses on studying the genetic code of organisms that cause i . i .
data disease in humans. Studies to identify and understand pathogens are conducted across different types of u bIlC repOSItorleS Offer the most d irect routes
organisations ranging from research institutes to regional public health authorities. The aims can include A . .
Epitranscriptome data urgent outbreak response, prevention measures, and developing remedies such as treatments and vaccines. ThIS Workshop Wi ” give you the WhY: Where
Health data Data management challenges in this domain include the potential urgency of data sharing and secondary ia repOSitOfy su bmi55i0n, inCIUd I ng hands'on
use of data across initiatives emerging from research, public health and policymakers. While pathogenic H H H H
Human data organisms are the object of interest, there are many considerations to take into account when dealing with dge ISrequi red n Order to attend thlS

X samples collected from patients, pathogen surveillance, and human research subjects.
Human pathogen genomics

The genomic data can represent anything from the genetic sequence of a single pathogen isolate to various
fragments of genetic materials from a flora of pathogens in a larger population. Other data can represent a
wide range of contextual information about the human host, the disease, and various environmental

Intrinsically disordered
proteins

‘ . factors. f data sharing
Machine learning 1 . .
suitable repository for different types of data
Marine metagenomics . . . . ..
R Planning a study with pathogen genomic data arepository submission
Microbial biotechnology
Plant sciences Description

. While the objects of interest in this domain are pathogens, the data is usually derived from samples .
Proteomics originating from human research subjects. This means that you must plan to either remove or handle R D M I
Raredisease data human data during your study.
Display a menu



Data management

Data life cycle

Your role

Your domain
Bioimaging data

Biomolecular simul
data

Epitranscriptome d
Health data
Human data

Human pathogen g

Intrinsically disorde
proteins

Machine learning
Marine metagenorr
Microbial biotechn¢
Plant sciences
Proteomics

Rare disease data
Display a menu

Data management

Data life cycle v
Your role v
Your domain v
Your tasks A

Compliance monitoring
Costs of data management
Data analysis

Data discoverability

Data management
coordination

Data management plan
Data organisation

Data security

Data sensitivity

Data provenance

Data publication

Display a menu |ua|ity
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=] @ rdmkit.elixir-europe.org/data_brokering

@ Your tasks: Data brokering | RDMkit

Your tasks
Data brokering - »

«” On this page

Taking on the data broker role

Description

Sometimes it is challenging to exchange data across data producers, infrastructures and data sharing
platforms. Some reasons can be that the data has to be pre-processed or enriched to comply with legal or
organisational practices, that the data has to be translated to different data formats, or that transferring
data requires expertise and access to special interfaces. By acting as a broker, you can fill this gap by
negotiating a contract with data providers and/or recipients and doing the work required to make it
convenient for them to exchange data.

a Y
Prepare Prepare Data_ p_roducers
data/metadata data/metadata providing data to
a data broker
Transfer data (securely)
to broker
Individual
data producer QC/curate QC/curate
data data

Analyse data Analyse data Data recipient
acting as a

broker

Store data Store data
Share data Broker data

p
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> = @ rdmkit.elixir-europe.org/human_pathogen_genomics

eoe [+ <

RDM

eoe® M+ < > = @ data-guidelines.scilifelab.se/topics/data-transfer/ @@ ¢, ©® M +

RDM

<V} Data transfer | SciLifeLab Research Data Management Guidelines

* SciLifeLab RDM Guidelines

Knowledge hub for the management of life science research data in Sweden

Getsupport About Contact

Data management

Home Research datalifecycle Topics Resources
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proteins
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Plant sciences
Proteomics
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Data discoverabilit

Data management
coordination

Data management
Data organisation
Data security

Data sensitivity
Data provenance

Data publication

« Transferring files
over a wide range of
protocols using
RClone

« Resources

SciLifeLab Data Delivery System

The Data Delivery System (DDS) is a cloud-based system for the delivery of data from SciLifeLab
platforms to their users. It consists of acommand line interface (CLI) and a web interface. This
system is e.g. used by the National Genomics Infrastucture (NGI) for delivers of sequencing data.

« DDS homepage
+ DDS documentation
+ NGI guide on DDS

Uppmax
Please find below some useful links from the compute resource Uppmax regarding data transfer:

« File transfer to/from Rackham
 File transfer to/from Bianca

Display a menu

Data life cycle Data management
Your role i
Data life cycle .
i T ttoothersis a
Your domain Your role Op|CS .
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Bioimaging data Your domain Il
et i Home / Topics / Data transfer well as
Biomolecular simul  vor tasks 3
data irect routes
Compliance moniti
EpRranscriptoliegy Data transfer Table of contents: thy, where
Costs of data man P
Health data | Quite often large amounts of data is generated, and it can be worth spending some time considering * Scilifelab Data 3 hands-on
Data analysis how to transfer data from the data producer to storage and analysis environment. Consider the Delivery System this
Human data _ capacity of the internet connection, transfer via a low bandwith network can be so time-consuming * Uppmax
Data brokering A : : : : o Using Asperaon
Human pathogen g that it might be faster and easier to send the data on a hard drive through carrier services. .5

'pes of data
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me.eng 6159 - Sharing SARS-CoV-2 variant analysis from Swedish
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Submission task description
nd
H / T# During 2021 and 2022, SLU and KTH have done monitoring of SARS-CoV-2 levels and variants in wastewater from six Swedish cities. The
omg ‘ sequences have been published in ENA, but the variant analysis and sequencing run reports need to be submitted to BioStudies.
| )
¢ Procedure overview and links to examples

Dataf
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how to tran X .

k * Samples sheet - overview of all sequenced samples and submitted data N o ‘
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ELIXIR Interoperability Platform

Connecting processes to products/practices
‘ @ Best practices (WPg)
Standardised °
processes (WP3) “
Portfolio of
products (WP2)

elixir
lllustration by ELIXIR contributors, elixir-europe.org




ELIXIR Interoperability Platform

Connecting processes to products/practices

Assemble products into
reusable processes that

drive good practice Understand community
practices, to improve
processes and create

new products

EIM

N Bgs lllustration by ELIXIR contributors, elixir-europe.org



[llustration by ELIXIR contributors, elixir-europe.org

Interoperability
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[llustration by ELIXIR contributors, elixir-europe.org

Telling Interoperability Stories - In Five Acts
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The future of data integration

Perhaps shared recipes and templates for FAIR data, tools, and
services across NBIS support teams, tech groups and units?

Towards a web of FAIR data and services

ELIXIR Interoperability Platform

Connecting processes to products/practices

Assemble products into

reusable processes that

drive good practice Understand community
practices, to improve
processes and create

new products

Graph: “PID Graph” from the FREYA project

“From Gutenberg to Berners-Lee”

e What types of research assets?

e Where will people be looking? Works with

t
e Who should have access? L my software

e Which standards/specifications?

e What cross-references and what
documentation can you provide?
(Rich metadata!)
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